Abstract. In this paper, a new tracking differentiator is proposed based on the inverse hyperbolic tangent function. Due to the complexity of the tracking differentiator and the inaccuracy of tracking accuracy, accurate differential signals cannot be obtained. It is globally asymptotically stable, and its singularities are stable nodes by proper selection of parameters. The inverse hyperbolic tangent acceleration function has strong nonlinear characteristics, simple structure, less parameters and convenient adjustment. The simulation results show that NTTD is not only simple in structure form and relatively less in design parameters, but also has some advantages in tracking precision, response time and filtering ability.
Introduction
The accurate extraction of differential signals is very important in the design of control systems [1] . Especially when the system has external interference, the traditional lowpass filter is very difficult to play. In recent years, with the rapid rise of robots [2, 3] , hypersonic vehicles [4, 5] and other fields, the extraction of accurate differential signals from interfered signals has become a hot spot of research.
The tracking differentiator was first proposed by Han Jingqing [6] [7] [8] . In his own article, he proposed three kinds of tracking differentiator, but the effect of tracking differential is not very good, and there is no good method for the problem of high order signal extraction. In recent years, many scholars have put forward a new tracking differentiator [9] [10] [11] [12] . The Israeli scholar, Levent, proposed a high order sliding mode differentiator for the problem of high order differentiator [13] . However, the differentiator is very sensitive to noise and it is difficult to select the parameters. Therefore, it is necessary to design a tracking differentiator which is easy to select parameters and has the ability of noise suppression.
Based on the above considerations, this paper proposes a new tracking differentiator based on the inverse hyperbolic tangent function, and extends the tracking differentiator to higher order signals.
Design of Tracking Differentiator
In the conventional state, two conditions need to be satisfied to achieve stable tracking of the interfered differential signals. First, it has a smooth and stable property under the linear region near zero point, and then in the nonlinear region far away from zero, it needs to have strong nonlinear characteristics to ensure the stable tracking of the tracking differentiator. For this reason, the inverse hyperbolic tangent function is chosen as the acceleration function of differentiator. 
Among them: u(t) is the input signal of the system; x 1 (t) is the system tracking signal; x 2 (t) is the differential signals of the system; R>0, a 1 >0, a 2 >0 are the adjust parameters of the system.
In order to prove that theorem 2 is correct, lemma 1 is first proposed. Lemma 1 [7] For the following system 
The solution of the system x 1 (t) satisfies
The lemma theoretically clarifies the system in any time constant T, when the R tends to infinity, the system tracking signal x 1 (t) infinitely close to the input signal of the system v(t). Therefore, the system proposed in theorem 2 is the new tracking differentiator NTTD.
Phase Plane Analysis
The phase plane analysis method can not only automatically and accurately draw the phase plane diagram of the control system [14, 15] , but also can quickly analyze the influence of the parameters of the system on the control system, so as to study the rule of the system parameter setting. The x 1 in system (6) is expanded by using Taylor's formula, you can get
(12) Where φ andφ are higher order small quantities of Taylor expansion respectively, the linear system corresponding to system (6) is
For linear approximation systems (13), we need to discuss the type of singularities separately. is obtained, and the singularity (0, 0) is the stable node of the system. When x takes different values, the phase trajectories of the differentiator system always go parallel to the singularity (0, 0) in the same 2 directions. It can also be found that when the singularity is the stable node type, the system is directly convergent, and the oscillation of the tracking differential system in the over process is relatively small.
Parameter Setting Rule
According to the phase plane, the system (6) contains 3 parameters:R, a 1 , a 2 , Among them, R is related to tracking effect, which will increase the tracking rapidity, but increase the differential signal high frequency noise. The effect of a 1 is related to the tracking effect, and its effect is similar to that of R; The a 2 is related to the differential effect, which is beneficial to the suppression of differential noise, but the general assembly makes the tracking slow. Generally, the R can generally be roughly selected to adjust the tracking effect. Finally, the integrated effect of tracking and differential is adjusted by the micro tuning of a 1 and a 2 .
Simulation Verification
In order to verify the estimation results of NTTD, NTTD is compared with the following new TD [16] and HSMD [13] .
The four step Runge-Kutta method is used to solve the simulation, and the simulation step is 0.001s. The simulation is carried out in the following two cases.
Simulation 1: assuming the differential of the signals needed to be extracted in the control of hypersonic vehicle, the design parameters of NTTD are taken as: R=700, a 1 =90, a 2 =5. The estimation results of three differentiators and their differential values are shown in figure 1~figure 4. Figure 2 and Figure 4 show that in the three differentiators, the estimated error of NTTD pairs is the smallest and the accuracy is the highest. From Figure 4 , we can see that NTTD has a more serious peak phenomenon, and HSMD has a serious buffeting phenomenon near 0. Therefore, when the noise is not considered, the NTTD proposed in this paper has certain advantages over TD and HSMD.
Simulation two: the input signal is taken and assumed to be polluted by random noise (see Figure 5 ). The design parameters of NTTD are: R=70, a 1 =90, a 2 =1. From the simulation results (see Figure 6~figure 7 ), when the input signal is polluted by noise, the NTTD proposed in this paper can still achieve high accuracy and smooth estimation. Therefore, compared with TD and HSMD, the NTTD proposed in this paper also has certain advantages in noise suppression. 
Summary
In this paper, a new tracking differentiator is designed based on the inverse hyperbolic tangent function. It is globally asymptotically stable, and its singularities are stable nodes by proper selection of parameters. The inverse hyperbolic tangent acceleration function has strong nonlinear characteristics, simple structure, less parameters and convenient adjustment. The simulation results show that NTTD is not only simple in structure form and relatively less in design parameters, but also has some advantages in tracking precision, response time and filtering ability.
